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1. 

SYSTEMIS AND METHODS FORNDOOR 
GEOLOCATION BASED ONYIELD OF RF 

SIGNALS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of U.S. Provisional 
Application Ser. No. 61/247,879, filed Oct. 1, 2009, the entire 
contents of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Recently, the problem of determining the location of a 
person or object in indoor environments has gained tremen 
dous attention. The applications of Such systems include 
locating public safety officers in indoor environments, locat 
ing valuable objects or instruments in hospitals, and monitor 
ing youngsters and elderly people in indoor environments. 
The main two approaches to positioning are time-of-arrival 
(TOA) techniques and received-signal-strength (RSS) tech 
niques. In systems using TOA techniques, a mobile station 
broadcasts an impulse (a very wideband signal), and all the 
fixed stations, with known coordinates, respond to it. From 
that response, the mobile station or a central server can deter 
mine the mobile station's distance from each fixed reference 
point. The location of the mobile terminal is then calculated 
using trilateration or triangulation. In systems using RSS 
techniques, the signal strength of a known reference is used to 
find the distance between a fixed station and a mobile station, 
and again the location of the mobile station is found using 
trilateration or triangulation. Another approach uses the sig 
nal strengths from all the nearby fixed stations to build a 
database of locations with their respective signal strengths. 
The location of an unknown mobile station is determined by 
fingerprinting. In Such systems the new signal strength mea 
Surements can be compared to the database and the best 
matching location can be found from the database. 

Traditional location techniques such as GPS are shown to 
be unsuccessful in indoor environments because physical 
barriers degrade GPS signals. GPS relies on accurate distance 
estimation between the fixed station (GPS satellite) and 
mobile station (the receiver). This distance is obtained accu 
rately if and only if the link between the two stations is not 
blocked by any other objects and line-of-sight (LOS) condi 
tions exist between the transmitter and receiver. In indoor 
environments, the GPS signals are blocked by different 
objects, so they are attenuated to Such an extent that they are 
either not detectable by the receiver or the distance estimation 
process yields highly inaccurate distance. 
TOA techniques in indoor environments also suffer from 

the same problem. In indoor environments, the signals 
between stations are usually blocked by interior objects in the 
indoor environment, so the line-of-sight component of the 
signal is not detectable. This problem is referred to as the 
non-line-of-sight (NLOS) problem in positioning literature. 
The NLOS condition is shown to be the most problematic 
cause of inaccurate indoor location for TOA techniques. 
Therefore, it is suggested that for indoor environments, the 
performance of the RSS technique is superior to the perfor 
mance of the TOA technique. 

In RSS techniques that use the signal strength to determine 
the distance between the stations, the signal strength is usu 
ally related to the distance via a path-loss model which pre 
dicts the received signal strength at any specific distance 
based on the transmit power, signal attenuation gradient 
(known as path-loss exponent), number of attenuators and 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
their respective attenuation level, and the distance to the sta 
tions. Such path-loss models highly depend on the correct and 
stable measurement of the signal strength. However, it is also 
shown that signal power changes rapidly over time. The sta 
tions in indoor environments suffer even more from this 
change as they face lots of obstacles within indoor environ 
ments. Therefore, such RSS systems also have found limited 
use for indoor positioning. 

SUMMARY OF THE INVENTION 

Therefore, there exists a need in the art for a method of 
indoor geolocation that is able to exclude signal Sources that 
are transient in nature, isolating those sources that are more 
reliably present. In one aspect of the invention, a method for 
determining a user's location in an indoor environment 
includes receiving a location request along with a set of radio 
frequency (RF) signal data collected by a mobile device in an 
indoor environment, using this data to select a map from a 
plurality of maps stored in a map database, and processing the 
data to identify the user's location on the selected map. The 
method uses the yield information associated with the 
received signals in determining either the map that the user is 
on, the user's location on the map, or both the map and the 
location. The yield of a signal is a measure of how often it is 
detected over a period of time or how many times it is detected 
over a number of observations during signal monitoring. 

In one embodiment, selecting a map from a plurality of 
maps includes filtering the data received to obtain a subset of 
data with preferred signal characteristics. Then, the system 
compares the filtered subset of received data to a set of maps 
in the database, in which each map has a set of associated 
filtered signal data. By comparing the filtered subset of 
received data to the map data sets, the system can determine 
from which map the received signal data originated. 

In one embodiment, filtering the received data set and the 
map data set is based on the average signal strength of the 
received signals. In another embodiment, a score for each 
map is calculated when comparing the filtered received data 
to the filtered map data. The score is based on the number of 
filtered received signals that are also in the filtered signals of 
each map. 

In another embodiment, the method uses the geographic 
region of the mobile device to narrow down a set of maps in 
the map database to a Subset of maps associated with that 
geographic region. The received signal data is then compared 
to this Subset of maps only, rather than all maps in the map 
database. 

In another embodiment, the methods determination of 
where the user is on the selected map includes the following 
steps: filtering the received data, comparing the received data 
to the selected map’s data set of RF signal information at a 
plurality of locations (map points), determining a variable 
number of most probable map points at which the received 
data was collected, and determining the user's location 
through interpolation of these most probable map points. In 
one embodiment, the method including using at least one cost 
function in comparing the received signal data to the map’s 
data at each map point. In one embodiment, these cost func 
tions are used to produce the set of most probable points on 
the map at which the user may be located. In one embodiment, 
the system assigns weights to the most possible map points to 
use in the interpolation of the most possible map points. 

In another embodiment, the method includes using a neural 
network to process the received data and identify the user's 
location on the map. 
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According to another aspect, the invention relates to a 
non-transitory computer readable medium storing computer 
executable instructions, which, when executed by a proces 
Sor, cause the processor to carry out the methods described 
above. 

According to another aspect, the invention relates to a 
system for determining a user's location within an indoor 
environment comprising a database and a processor. The 
database stores a plurality of maps in which each map con 
tains a plurality of map points with radio frequency (RF) 
fingerprint data. The processor is configured to receive a 
location request along with a set of RF signal data collected 
by a mobile device in an indoor environment, use this data to 
select a map from a plurality of maps stored in the map 
database, and process the data to identify the user's location 
on the selected map. The system uses the yield information 
associated with the received signals in determining either the 
map that the user is on, the user's location on the map, or both 
the map and the location. 

In one embodiment, the system further comprises at least a 
receiver or transceiver configured to receive a set of radio 
frequency signals. In one embodiment, the receiver or trans 
ceiver are co-located with the processor and database within 
a mobile device. In another embodiment, the receiver or trans 
ceiver is physically separated from the processor and data 
base. In this embodiment, the system includes a second pro 
cessor co-located with the receiver or transceiver that initiates 
the transmission of the location request to the first processor 
via a wireless communication link. 

In one embodiment, the system further comprises a 
memory for storing a graphical user interface for presenting 
the location to the user. The graphical user interface can 
further be configured to accept a corrected location from the 
USC. 

BRIEF DESCRIPTION OF THE FIGURES 

The methods and systems may be better understood from 
the following illustrative description with reference to the 
following drawings in which: 

FIG. 1A is a schematic diagram of an indoor geolocation 
system according to an illustrative embodiment of the inven 
tion; 

FIG. 1B is a map of a first illustrative indoor environment, 
i.e. a shopping mall, in which the invention would be useful 
according to an illustrative embodiment of the invention; 

FIG. 1C is a map of a first illustrative indoor environment, 
i.e. an office building, in which the invention would be useful 
according to an illustrative embodiment of the invention; 

FIG. 2 is a schematic diagram of a wireless device which 
can be a stand-alone indoor geolocation system, according to 
an illustrative embodiment of the invention; 

FIG. 3 is a schematic diagram of a client-server architec 
ture-based indoor geolocation system, according to an illus 
trative embodiment of the invention; 

FIG. 4 is a screenshot of a graphical user interface, Suitable 
for displaying the user's location on a map, according to an 
illustrative embodiment of the invention; 

FIG. 5 is a flowchart for a method for indoor geolocation, 
according to an illustrative embodiment of the invention; 

FIG. 6 is a flowchart for a method of determining a map on 
which a mobile device is, according to an illustrative embodi 
ment of the invention; 

FIG. 7 is a flowchart for a method of determining where a 
mobile device is on a given map, according to an illustrative 
embodiment of the invention; 
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4 
FIG. 8 is a flowchart for a method of training a system of 

indoor geolocation, according to an illustrative embodiment 
of the invention; 

FIG. 9 is a flowchart for a method of training a neural 
network used for indoor geolocation, according to an illus 
trative embodiment of the invention. 

FIG. 10 is a drawing of a neural network, according to an 
illustrative embodiment of the invention. 

DETAILED DESCRIPTION 

To provide an overall understanding of the invention, cer 
tain illustrative embodiments will now be described, includ 
ing systems and methods for indoor geolocation. However, it 
will be understood by one of ordinary skill in the art that the 
systems and methods described herein may be adapted and 
modified as appropriate for the application being addressed 
and that the systems and methods herein may be employed in 
other Suitable applications, and that such other additions and 
modification will not depart from the scope thereof. 

FIG. 1A is a schematic diagram of a system 100 for indoor 
geolocation, i.e. determining one’s location in an indoor envi 
ronment, according to an illustrative embodiment of the 
invention. FIG. 1B and FIG. 1C are examples of maps of 
indoor environments in which the system 100 may be used. 
The indoor geolocation system 100 includes a mobile device 
102 and a location system 110. The user 108 uses the mobile 
device 102 to determine his location within an indoor envi 
ronment 118. The mobile device 102 enables this by moni 
toring identifiable wireless radio frequency (RF) signals 
received over a period of time and transmitting the wireless 
signal data to the location system 110. The data collected by 
the mobile device 102 includes, for each signal detected, the 
signal source’s identification information, such as a MAC or 
EUI identifier or the signals frequency; the signals average 
signal strength; the standard deviation of its signal strength; 
and its yield, which is a measure of how often the signal is 
detected over a given time period. Such as 60 seconds, or how 
many times the signal is detected over a number of observa 
tions, such as 60 observations. When monitoring, the mobile 
device 102 collects a plurality of samples, or “polls’, of the 
detectable signals. For example, one instance of signal moni 
toring may contain 60 polls over a duration of 60 seconds, 
with one poll taken per second, though the frequency of 
polling and the overall time during which signals are polled 
may vary without departing from the Scope of the invention. 
Yield may be calculated as a percentage of polls in which the 
signal was detected, the number of polls in which the signal 
was detected, the fraction of polls in which the signal was 
detected, or the number of polls in which the signal strength 
was above a given power threshold, such as -90 dB. From this 
information, the location system 110 determines the location 
of the mobile device 102 and transmits that location back to 
the mobile device 102. The mobile device 102 displays the 
location to the user 108 on a graphical user interface. 
As depicted in FIG. 1A, wireless signals can originate from 

WiFi access points 112, BLUETOOTHTM devices 114, and/ 
or other RF wireless stations 116, which may include ZIG 
BEETM devices, RFID readers, or any such device which 
emits a wireless signal, if the mobile device is equipped with 
an appropriate receiver. Collectively, these wireless signal 
sources will be referred to as “signal sources.” The signal 
sources 112-116 are already present in the indoor environ 
ment 118, so the system uses existing infrastructure and no 
new infrastructure is needed. The mobile device also may 
receive signals from cell towers 106 and/or GPS satellites 
104. Cellular towers 106 can provide location information 
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using triangulation or other methods; however, it is challeng 
ing to precisely determine one's location based on cellphone 
triangulation. While GPS satellites 104 send signals that may 
be received by the mobile device 102 while it is outside of the 
indoor environment 118, GPS signals do not usually effec 
tively reach Such devices inside most indoor environments. 
Therefore, rather than relying solely on cellular and GPS 
signals, the system 100 as described herein will also utilize 
WiFi, BLUETOOTHTM, and other RF wireless signals within 
the indoor environment 118 for precise, reliable indoor geolo 
cation. 
The mobile device 102 is depicted as a mobile wireless 

device Such as a cellphone or Smartphone. However, it may 
be any portable device. Such as a laptop, notebook, tablet 
computer, palm-sized computer, or any electronic device with 
capability to receive wireless signals. 

FIGS. 1B and 1C are two examples of maps of indoor 
environments inside of which the user 108 could use the 
indoor geolocation system 100. FIG. 1B depicts a map of a 
shopping mall 120 containing a typical blend of retail stores, 
eateries, and kiosks. The shopping mall 120 includes a variety 
of wireless signals that may be present within a typical mall, 
which can be used by the mobile device 102 and location 
system 110 to determine the location of the mobile device 102 
within the mall. The coffee shop 122 and restaurant 124 both 
provide WiFi access to customers. These WiFi signals, iden 
tified by the MAC addresses encoded therein of their source 
devices, can be received by the mobile device 102 from FIG. 
1A when the mobile device is within range of the signal 
SOUCS. 

The retail stores 126 and 128 utilize an electronic article 
surveillance system using RF signals to prevent theft. RF 
article Surveillance systems typically have a transmitting 
antenna on one side of a doorway and a receiving antenna on 
the other. When a product with an active RFID tag passes 
through the doorway, the tag responds to the signal sent from 
the transmitterantenna and a different signal is sent by the tag. 
This signal from the tag is received by the receiving antenna, 
and store employees are alerted. Since the transmitting 
antenna of an RF article Surveillance system is constantly 
emitting a signal, the mobile device 102 can detect these RF 
signals when within range and use its frequency band to 
distinguish it from other signals. 
The electronics store 130 likely stocks a variety of devices 

emitting wireless signals. In the illustrative embodiment, the 
electronics store 130 is showcasing BLUETOOTHTM 
devices. Such as headsets, computers and peripherals, televi 
sion boxes, and alarm clocks. The video game store 132 also 
has BLUETOOTHTM technology on display, in this case 
Video game consoles with wireless controllers used for gam 
ing systems such as Nintendo WIITM, Microsoft XBOXTM, or 
Sony PLAYSTATIONTM. The BLUETOOTHTM receiver on 
the mobile device 102 detects these signals from the electron 
ics store 130 and the video game store 132 when they are 
within range and uses their device names or other transmitted 
information to identify them. 

The kiosk 134 uses BLUETOOTHTM advertising to send 
messages to customers in the area. BLUETOOTHTM adver 
tising is a method of mobile advertising in which a transmitter 
sends a message to mobile devices in its vicinity asking 
whether the user of the mobile device would like to receive an 
advertisement. Should the user opt to receive the advertise 
ment, a message, such as a text message, video clip, or ani 
mation is sent to the mobile device via the BLUETOOTHTM 
connection. When the mobile device 102 is within range of 
the BLUETOOTHTM advertising transmitter at kiosk 134, it 
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6 
will receive the signal and can access the typical BLUE 
TOOTHTM identifiers such as device name of the transmitter. 
FIG.1C depicts a map of an office building 140 containing 

offices and several services typically found within a large 
office building. A person who wants to enter the office build 
ing 140 must first pass an access point equipped with an RF 
reader 148, also known as an RF interrogator. The rightmost 
office has an additional RF reader 150 restricting access to 
employees of that office only. These RF readers work with 
passive RFID tags by emitting a signal that would excite an 
RFID tag within range to transmit its ID back to the reader. 
Since the RF readers 148 and 150 are constantly emitting 
signals, the mobile device 102 can detect the signals when 
they are within range for use in indoor geolocation. 
At the entry to the office building 140 is a coffee shop 152 

that provides WiFi to its customers. This is similar to the 
coffee shop 122 in the shopping mall. A bank 142 is also at the 
entry to the office building. This bank uses wireless security 
cameras to monitor activities in the bank. Wireless security 
cameras often send digital signals to a receiver over wireless 
local area networks. The mobile device 102 can use the MAC 
addresses to identify the wireless security cameras and/or the 
receiver. 
The office building 140 has a call center 144 as one of its 

tenants. This call center's representatives use BLUE 
TOOTHTMheadsets coupled with base stations. Similar to the 
electronics store 130 and video game store 132 that both 
emitted BLUETOOTHTMsignals, the mobile device 102 can 
use the BLUETOOTHTMsignals emitted from these headsets 
and base stations for indoor geolocation. Another tenant is an 
office with WiFi 146. The mobile device 102 can use the 
office’s WiFi signal for indoor geolocation similarly to how it 
uses WiFi signal from the coffee shops 122 and 152 and the 
restaurant 124. 

FIG. 2 is a schematic diagram of the mobile device com 
ponent 200 of an alternative embodiment of an indoor geolo 
cation system. Unlike in system 100, the mobile device 200, 
rather than the remote location server 110, determines the 
mobile device's location. To do this, the memory 206 of the 
mobile device 200 contains both a database of maps 208 and 
a location application 210 used to determine and display the 
mobile device's location. The location application 210 
includes a graphical user interface (GUI), a locator process, 
and a wireless monitoring process. The map database 208 
includes maps for all locations for which the indoor geoloca 
tion system has been trained. In the case of multi-floor build 
ings, there is a separate map associated with each floor. The 
mobile device 200 may only store a subset of the full map 
database in its memory, based on location information 
obtained through GPS satellites or cell towers, user input, or 
through other means. The map database 208 could be 
received and/or updated through a mobile phone provider's 
network, through a WiFi connection, through a physical con 
nection to a computer, or through other means. When the 
location application 210 is run, though, it references a map 
database 208 stored within the memory 206 of the mobile 
device 200 rather than interacting with a remote location 
system. 
The mobile device 200 contains several receivers and 

transceivers, including WiFi transceiver 212, BLUE 
TOOTHTM transceiver 214, other wireless RF signal receivers 
or transceivers 216, GPS receiver 218, and cellular trans 
ceiver 220. These receivers and transceivers receive external 
wireless signals from signal sources 104, 106, and 112-116 
depicted in FIG. 1A. The mobile device 200 also includes 
signal processors 202. Such as analog to digital converters, 
digital signal processors, or any Such processor required to 
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process and characterize the wireless signals received. The 
mobile device 200 also includes a CPU 204, which receives 
information about the detected wireless signals through the 
signal processors 202 and executes the location application 
210 stored in memory 206 to determine the location of the 
mobile device 200 using the signal information. 
When the user 108 runs the location application 210, the 

mobile device 200 collects data over a period of time from the 
wireless signals it detects within range using the transceivers 
212-218 to obtain for each signal detected the source signals 
identification information, such as a MAC or EUI identifieror 
the signals frequency; its average signal strength; its stan 
dard deviation of the signal strength; and its yield, as defined 
above. Suitable periods of time include, without limitation, 
10 seconds, 20 seconds, 30 seconds, 40 seconds, 50 seconds, 
or 60 seconds. The location application then processes the 
properties of the signal according to the methodology 
described below in relation to FIG.5 through FIG.7 to deter 
mine and output the user's location on a display of the mobile 
device through the graphical user interface (GUI) provided by 
the location application. 

FIG. 3 is a schematic diagram of an alternative indoor 
geolocation system 300, according to an illustrative embodi 
ment of the invention similar to the system of FIG.1, in which 
the remote location system 110 determines the location of the 
mobile device 102 and transmits the location to the mobile 
device for display. The mobile device 102 is similar to mobile 
device 200, except the mobile device 102 does not have a map 
database in its memory, and the location application 310 on 
the mobile device 102 does not include the locator process to 
determine the location of the mobile device 102. The mobile 
device includes a WiFi transceiver 312, BLUETOOTHTM 
transceiver 314, other wireless signal transceivers 316, GPS 
receiver 318, and cellular transceiver 320 similar to receiver/ 
transceivers 212-220 in mobile device 200 of FIG. 2. The 
mobile device 102 also includes signal processors 302, which 
handle the outputs of these receivers/transceivers in the same 
fashion as the signal processors 202. 
The location application 310 in mobile device 102 includes 

computer executable instructions for displaying a GUI in the 
display of the mobile device, accepting input from the user 
108 via the GUI, monitoring the available wireless signals 
104, 106, and 112-116, sending the data outputted from the 
signal processors 302 to the location system 110, accepting 
the output from the location system 110, and displaying the 
location on the mobile device 102 to the user 108 via the GUI. 
The location system 110 accepts data sent from the mobile 

device 102 from the monitoring of the signal sources 112 
116. The monitoring results for each signal include the Source 
signals identification information, such as a MAC or EUI 
identifier or the signals frequency; its average signal 
strength; its standard deviation of the signal strength; and its 
yield. 

The location system 110 includes a variety of servers: 
application servers 322-326, which perform the analysis of 
the data received; neural network server 328, which takes the 
processed data output by one or more application servers and 
uses a neural network to determine the location of the mobile 
device; database server 330, which stores databases used by 
the other servers. Such as a database of all possible maps; and 
load balancing server 320, which balances the processing 
load between the servers, particularly application servers 
322-326. Each of the servers is attached to the local area 
network (LAN) connecting the components of the location 
system 110. Once the location system 110 has determined the 
location of the mobile device, the result is sent back to the 
mobile device 102 to be displayed to the user 108. 
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FIG. 4 is a screenshot of a graphical user interface suitable 

for displaying the user's location on a map, according to an 
illustrative embodiment of the invention. The screen of the 
mobile device 400 shows the output to the user 108 using map 
414. The current location of the mobile device 102 or 200, 
obtained using either location system 110 or location appli 
cation 210, respectively, is shown by the circled arrow 402 on 
the map 414 of the indoor environment the user 108 is in, in 
this case Floor 1 of the Cambridgeside Galleria located in 
Cambridge, Mass. The “Back” button 404 returns the display 
of the mobile device to the main application menu screen. The 
"Summary' button 406 displays a summary of the signal 
source data received. The “Find My Location' button updates 
the location without returning to the main menu by instruct 
ing the location application 210 or 310 on the mobile device 
200 or 102, respectively, to find and display his location. 
The user 108 may choose to provide feedback on accuracy 

of the location he was given. The user 108 can click the 
"Feedback” button 410, which allows him to enter the accu 
racy of the returned location 402 on a set scale. This may open 
a new screen or may cause the scale to appear over the map. 
Alternatively, the user 108 may manually indicate his posi 
tion on the map 414 and then click the “CorrectLocation 
button, which enters the corrected location. These features are 
discussed in greater detail with respect to the online training 
method in FIG. 8. 

FIG. 5 is a flowchart for a method for indoor geolocation, 
according to an illustrative embodiment of the invention. The 
method 500 begins with the mobile device 200 or 102 moni 
toring all detectable wireless signals using the receivers/ 
transceivers 212-218 or 312-318. In the monitoring process, 
the mobile device 200 or 102 receives and stores a multitude 
of samples of the wireless source signals over a given period 
of time. The collected Source signals are processed, either by 
the mobile device 202 or a remote location system 110. The 
resulting data includes, for each signal Source detected, the 
device's identification information, such as a MAC or EUI 
identifier or the signals frequency; the average and/or RSS 
signal strength; the standard deviation of its signal strength; 
and its yield, as defined above. 
Once the monitoring has completed at step 502, either an 

application on the mobile device 200 or a remote location 
system 110 processes the resulting data to identify a map on 
which the user is likely to be located database of maps (step 
504). The process of selecting a map is described in detail 
below in relation to FIG. 6. Once the map has been selected at 
step 504, the location of the mobile device 102 or 200 is 
determined (step 506). The process of determining the loca 
tion from the data is described in detail below in relation to 
FIG. 7. 

Lastly, the location is returned to the user 108 (step 508). 
As seen in the screenshot 400 in FIG.4, the mobile device 102 
or 200 shows the user 108 his location with an indicator 402 
on the map 414. The map contains reference information, 
Such the names of stores, company or department names in an 
office, departments or wings in a hospital, or galleries in a 
USC. 

FIG. 6 is a flowchart for a method of determining a map on 
which a mobile device is located (step 504), according to an 
illustrative embodiment of the invention. The signal source 
data, as a list of signal source identifiers and parameters, is 
inputted into a filter. This filter selects the signal sources with 
parameters, such as average power and yield, above certain 
thresholds (step 600). For example, the filter may select signal 
Sources with average strengths greater than -65 dB or signal 
sources with percentage yields higher than 90%. The filter 
may also filter out certain wireless devices, such as transient 
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mobile devices identified as such by MAC addresses in a 
given range, which are not reliably present. The output of this 
filter is a Subset of detected signal sources whose signal 
parameters indicate that the signal sources are near the mobile 
device. The location system may require that a minimum 
number of signal sources be output from this filter. In this 
case, if the number of selected signal sources is below the 
minimum, at least one of the filter thresholds may be relaxed 
so the filter outputs an adequate number of signal sources. 

Independently, a geographic region of the mobile device is 
used to narrow down the set of all maps used by the location 
system (step 602). The geographic region is the approximate 
location that the mobile device knows that it is in based on a 
prior GPS reading, cell phone tower triangulation results, 
location data provided directly to the mobile device by a 
mobile Switching station, or other means. The map database, 
particularly a map database stored at a remote location, could 
include map data for locations all over the world. Comparing 
the data to every map would be time and processor intensive. 
To improve the process, the geographic region is used to 
narrow down the set of all maps in the map database to a 
smaller subset of maps from the region that the mobile device 
is in. Especially in the case of multi-floor buildings in which 
each floor is on a separate map, the approximate location is 
not sufficient to determine which map the mobile device is on. 

Alternatively, in the system of FIG. 2 in which the mobile 
device 200 runs the location application 210 rather than send 
ing data to a remote location and having the location returned, 
it is undesirable to storean entire map database on the mobile 
device, particularly if the total number of maps is high. In this 
case, the geographic region can be used to automatically or 
upon user prompt update the map database stored on the 
mobile device to a subset of all known maps. If the user 108 
knows in advance where he is going, he can download the 
needed maps ahead of time. 

Each map in the geographic region has associated with it a 
set of signal sources that can be used for map identification. 
These signal sources are identified during the training pro 
cess, which is described in detail below in relation to FIG. 8. 
In particular, the complete set of devices identified during 
training on the map is filtered to identify the strongest and 
most reliable signal sources (e.g. those with a sufficiently 
high yield parameter, or those who are known to be perma 
nently placed). This filter selects the signal sources with 
parameters, such as average power and yield, which were 
above certain thresholds in any test location on the map. This 
filter and the thresholds are not necessarily the same as those 
in step 600. The output of this filter for each map, SS, is the 
set of the signal sources that best define that map. Ideally, this 
is a set of signal sources that are on that map. 

Finally, the list of signal sources received by the mobile 
device SS, that passed through the filter (step 600) is 
compared to the list of signal sources SS, associated with 
the map (step 604). In one implementation, each map is 
scored, with the score of each map equal to the number of 
common signal sources in SS, and SS. The chosen 
map is the one with the highest score. If two or more maps 
have the same or Substantially similar scores (not shown in 
FIG. 5), step 504 is run again, with at least one filter parameter 
from step 600 changed. Alternatively, the application may 
prompt the user to select one of a reduced set of maps. 

FIG. 7 is a flowchart for a method of determining where a 
mobile device is on a given map (step 506), according to an 
illustrative embodiment of the invention. The inputs to the 
location determiner (step 506) are the signal source data and 
the map with M defined map points (MPs) each with associ 
ated fingerprints obtained in training, which is described in 
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10 
detail with relation to FIG.8. First, the signal source data is 
filtered based on parameters meeting certain thresholds, Such 
as average power, standard deviation of power, and yield (step 
700). The requirements to pass through this filter could be 
more complex, for example, passing two thresholds, or pass 
ing one of several thresholds at the highest leveland the others 
at a secondary level. One possible filter sets a required power 
threshold of -85 dBm and a required observation yield of 
30%. The filter may also shape the data by adjusting param 
eters. For example, for signals with high average powers and 
high standard deviations, the standard deviation may be 
capped at a certain value, such as 5 dB. The filter may also 
filter out certain wireless devices, such as transient mobile 
devices identified as such by MAC addresses in a given range, 
which are not reliably present. 

This filter, which removes weak, unstable, or unreliable 
signals, returns the data for N signal Sources. The signal 
Source data and map are then compared using cost functions 
(step 702). Each map point (MP) in the map from the database 
has an associated fingerprint of the signal sources received at 
that point. These fingerprints are created through initial setup 
and testing of the indoor location system on the map 
described further in relation to FIG. 8. In certain embodi 
ments, the fingerprints are updated based on data received 
from continued testing and user feedback after the system and 
map have been made public, as described in relation to FIG. 
8. Each fingerprint includes a list of signal sources received at 
that point and the signal characteristics, like average power, 
standard deviation of power, and yield, for each signal. 
The fingerprint of each of M map points of map is com 

pared to each of N filtered data results in the loop shown in 
step 702. The end product of this loop is a set of cost function 
values for each of M map points based on the fingerprint data 
MP and collected data. For the collected data of each filtered 
signal source FS, the cost function is updated if the signal 
source FS, is also a device in the fingerprint of MP. The cost 
functions are based on the received signal parameters, such as 
average power, standard deviation of power, and yield, of the 
signal source FS, and similar parameters of the map point 
MP. An example cost function is as follows: for each signal 
source detected, increase one cost function value of the k" 
map point MP by the yield of FS, multiplied by the yield of 
MP if the average power of FS, is within a certain range of the 
average power of MP and both FS, and MP have sufficiently 
low standard deviations of power (eg. <5 dB). While a single 
cost function could be used in comparing collected data to a 
map point, using several cost functions provides more robust 
results. 
Once the values of these cost functions have been calcu 

lated, another cost function uses the values of the previously 
calculated cost functions to determine the p most likely map 
points (step 704). The number of most likely map points 
returned by this cost function is flexible, which in tests has 
shown to provide results with less error than if a fixed number 
of most likely map points is used. In 68 random locations in a 
large public indoor space, the Cambridgeside Galleria Mall in 
Cambridge, Mass., an algorithm that returned a flexible num 
ber of most likely map points generated results with three to 
four times greater accuracy than fixed approaches, as shown 
in Table 1 below: 

TABLE 1 

Number of most likely map points found Average error 

1 most likely map points 25.0 m 
2 most likely map points 24.5 m 
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TABLE 1-continued 

Number of most likely map points found Average error 

22.5 m 
6.6 m 

3 most likely map points 
Flexible number of most likely map points 

Once the p most likely map points have been found, 
another cost function W is used to calculate weights for these 
points, w (step 706). In one possible weight cost function W. 
the difference between the average signal strength of the 
received signal and the average signal strength in the map 
point is found for every signal source. For a signal source in 
the received set of signals that passes through the aforemen 
tioned filter but is absent in the fingerprint associated with a 
given map point, or conversely, is included in the filtered 
fingerprint associated with a map point but is absent in the 
filtered set of received signals, the system generates a dummy 
signal for the set of received signals or the map point, as 
appropriate, with a low average signal strength for use in 
calculating a signal strength difference for the signal source. 
The value of the weight cost function, w, for the mappoint is 
then calculated as the average of these average signal strength 
differences. A low windicates that the location of the mobile 
device is close to the map point. These weights are then used 
to interpolate the exact location (step 708). As shown in FIG. 
5, this location is output to the user 108 though a map in the 
GUI of the mobile device. 
The fingerprints of the map points are obtained through a 

training process. FIG. 8 is a flowchart for a method of training 
a system of indoor geolocation, according to an illustrative 
embodiment of the invention. The method of training 800 is 
broken into two main stages: offline training 802 and online 
training 804. The system administrators must perform some 
offline training to set up a fingerprint database before users 
can use the indoor geolocation system. The first element of 
offline training is gathering signal source data at known 
points, referred to as “fixed' points (step 806). To do this, a 
system administrator uses a mobile device to monitor detect 
able signal sources at an identifiable location on a map. Such 
as at a kiosk or at other fixed infrastructure. These fixed 
locations line up precisely with a point on a given map to 
associate the data profiles with locations (step 810). 

For all the possible locations in the visitable areas of the 
map under study, the system defines a grid of location and 
develops a mesh of grid locations in which a fingerprint can be 
obtained. For example, the grid could be composed of squares 
with edges 100 ft. apart. The size of the grid is usually con 
sidered a function of desired accuracy and/or desired labor to 
complete the procedure. The accuracy of the system is greatly 
dependent on the coverage of the map under study. In other 
words, the smaller the grid size of the map obtained in the 
offline phase, the better the accuracy of the system. For loca 
tions for which no measurements are taken during the offline 
training phase, locations can be determined using the inter 
polation discussed with respect to FIG. 7. 

After designing the grid and identifying the locations of the 
grid on the map under study, the training data can be obtained 
by collecting data at the specified locations (step 806). The 
mobile device includes a data collection Software application 
stored on a computer readable medium (e.g., a hard drive or 
integrated circuit memory) for execution by a processor on 
the mobile device. The software application displays a map of 
the area of interest when executed. The map indicates the 
selected grid locations where measurements are to be taken. 
In addition, the application includes a user interface for an 
administrator to indicate that she has reached an identified 
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grid location. In operation, the administrator moves the data 
collecting device to the specified fixed locations in the mesh 
and manually collects data. In one embodiment, data collec 
tion begins by the administrator, e.g., selecting a location on 
the map displayed on the mobile device (for example, tapping 
on the location with a finger or stylus, or by moving a cursor 
over the location and clicking a button on a user input device). 
In another embodiment, the administrator merely selects a 
user interface component (e.g., an icon) or presses a button on 
a user interface device, instructing the mobile device to begin 
a measurement process. As discussed further below, the 
mobile device then determines its location based on a prior 
known location and tracking data output by an inertial navi 
gation system operating on the device. The monitoring con 
tinues for a predetermined period of time, for example 30 or 
60 seconds. 
With at least one known point identified, the administrator 

can perform training on points that he does not know exactly 
by using a reasonably accurate inertial navigation system on 
the mobile device (step 808). To train using inertial naviga 
tion, the administrator should start from a known fixed loca 
tion on the map under study and collect measurement infor 
mation that will be associated with that location. Then the 
administrator can move in any direction for approximately 10 
feet and stop. The inertial navigation system captures the new 
location and hence the monitoring for this new location can 
immediately start. The data is associated with the location 
determined through inertial navigation (step 810). This pro 
cess can be repeated until the map under study is covered. In 
addition to relying on the inertial navigation system, the 
trainer can occasionally visit one of the predetermined fixed 
locations on the map under study and reset the inertial navi 
gation system to remove any inaccuracy of Such system. The 
inertial navigation system can include an accelerometer, 
gyroscope, or another type of motion sensing devices. 

In one hybrid training embodiment, a combination of the 
above methods is employed. In the hybrid method, the system 
administrator designates two types of locations on the map. 
core locations and interim locations. Core locations are 
clearly identifiable by an administrator and the administrator 
can reach the exact desired location with a great deal of 
certainty (e.g., a fixed kiosk or other piece of infrastructure). 
Interim locations are between core locations for which cer 
tainty of location is harder to determine. During the training 
phase, the administrator indicates via the training application 
arrival at each core location by selecting the location on the 
map displayed by the device or by selecting a core location 
from a drop down box or other menu format. For the interim 
locations, the administrator, when at or near the location, 
instructs the device to begin recording without indicating a 
specific position, allowing the inertial navigation system of 
the device to determine the device's current position. 
At each core location, the training application can recali 

brate the results from using the inertial navigation system 
based on knowledge of arrival at a known position. If upon 
reaching a core location, the location output by the inertial 
navigation system varies Substantially from the actual loca 
tion of the core location, an alert can be issued to the admin 
istrator to backtrack to obtain new measurements for those 
previous locations. Alternatively, the known error can be used 
to correct for the locations associated with prior measure 
ments taken since departing the preceding core location. 
As with the mobile device used to perform indoor geolo 

cation, the training device may take several forms, such as a 
laptop with attached inertial navigation hardware as well as 
RF signal detectors (for WLAN data, GPS, cellular tower 
data, etc.) or a Smartphone with attached (or internal) inertial 



US 8,350,758 B1 
13 

navigation as well as RF signal detectors and memory for 
storing fingerprint data. The device will store RF signals and 
associated grid data for subsequent transfer via USB. Alter 
natively, the device may have wireless transmission capabili 
ties for real-time uploading of readings. 

After the system has been set up through the offline training 
802, online training 804 is used to monitor and improve the 
map after the system has been deployed and is being used. 
The online training method 804 uses crowdsourcing, i.e. the 
collection of additional training data from the users of the 
system. One element of crowdsourcing is based on user feed 
back. Referring back to FIG. 4, in the screenshot 400, there 
are two buttons along the bottom of the screen, “Feedback” 
410 and “Correct Location' 412. Both of these are used to 
collect feedback from the user. After the user is shown his 
location, he may click the “Feedback” button to enter a scaled 
rating of the results he received, such as high, medium, or low 
accuracy. The application may or may not open a new screen 
from which the user may enter the rating. This information 
can be used by the system administrator to assess the Success 
of their system. It could also be used to trigger the collection 
of signal source data (step 814) so that the database can be 
updated. If the user thinks that the location he received is 
incorrect, he may move the position arrow 402 to the correct 
position on the map and click the “Correct Location” button 
412 to return this location to the administrator's server. The 
user can enter his location using a touchpad, directional pad, 
trackball, optical mouse, or other user interface element. This 
information can be used by the administrator to update the 
map database and assess the Success of the system. 
A second element of crowdsourcing is the automatic col 

lection of signal Source data from a user's mobile device (step 
814). A wireless signal reading, collection, and transmission 
application executes on the user's mobile device and sends 
Source signal readings and the user's location information, 
based on tracking user location with inertial navigation and 
augmented with GPS and cell tower triangulation location 
data, to the administrator's servers. Automatic signal Source 
collection may be prompted in any of several ways. For 
example, a user's mobile device may automatically collect 
signal Source data after the user has used the “Correct Loca 
tion' feature discussed above. This will check the location 
that the user has entered by tracking the user's location using 
the methods listed above and checking this against the loca 
tion implied by the set of automatically collected data. Alter 
natively, when the mobile device has been stationary for a 
given period of time, e.g. 5 minutes, the likelihood of the 
mobile device to begin moving may be less than the likeli 
hood of a mobile device in motion to continue moving. This 
provides an opportunity to collect data over a period of time, 
so the mobile device will be prompted to automatically col 
lect signal source data. Automatically collected data is input 
into the map database to update or Supplement the initial 
training data. The quality of the data from the users devices 
compared to the quality of the data collected in offline train 
ing is accounted for when the map database is updated. 

At times, the online training 804 alone may not be suffi 
cient to maintain the desired accuracy of the map database. 
For example, an addition to a building or stores changing 
hands may necessitate the creation of new fingerprints on the 
map grid. The system administrator determines if the online 
training methods discussed above are sufficient to maintain 
the quality of the map (decision 816) through any of a variety 
means such as user feedback described above or information 
about changes made to the indoor environment. If the admin 
istrator determines that the online training 804 is sufficient for 
maintaining the accuracy of the map, the online training 804 
continues. If the administrator determines that the online 
training 804 is not sufficient for maintaining the accuracy of 
the map, then offline training 802 is performed again. 
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FIG. 9 is a flowchart for a method of training a neural 

network used for indoor geolocation, according to an illus 
trative embodiment of the invention. An alternative method 
for indoor geolocation includes collecting data for nearby 
signal sources (step 502), selecting the map (step 504), and 
using a neural network 902 to determine the mobile devices 
position on the map. 
The inputs to the neural network are formed as a matrix 

Such as 

ID, param, param, ... 
ID, param, param, ... 

ID param, param, ..., , param, 

with their respective target outputs (x, y, map). The neural 
network then starts training itself by inputting the input data 
one by one and adjusting the output to minimize the error 
between the predicted output (x, y, map) and real target 
output (x, y, map). The error term is defined as error, (x, 
y map)-(X, y map.) 
The neural network consists of multiple layers of weights 

and biases. Each layer consists of several adders, multipliers 
and signal modifiers. As shown in FIG.9, the inputs are fed to 
the neural network 902. These inputs are directly connected 
to a layer of adders and multipliers, referred to as neurons, 
which are described in FIG. 10. The neurons combine differ 
ent inputs with adjustable weights and construct the outputs. 
Each line in FIG. 10 can be interpreted as multiplication by a 
weight. The outputs are then linear combination of the neuron 
arithmetic. The system combines the inputs and adds them 
with some biases. The resulting signals are then moved to 
another layer. The same procedure takes place in all of the 
layers until the resulting output is achieved. In every layer, 
each signal from the previous layer is combined with other 
signals resulting from the previous layers and a bias is also 
added to each resulting combination. In each step of FIG. 9. 
the outputs of the neural network 902 are compared with the 
target outputs by comparison unit 904 to observe how well the 
neural network has performed. Based on this performance, 
the weights and biases of neural network are adjusted and the 
process is repeated until desirable accuracy is achieved. 

This results in mapping of the input to the desired target 
devices. The mapping can be linear or non-linear. The inputs 
of the mapping system, i.e. neural network, are the identifiers 
of the signal sources close by and their respective wireless 
propagation parameters. The outputs are the recorded coor 
dinates in Cartesian coordinates along with the correct map 
under study. Other types of inputs and outputs may be used, 
Such as Polar, Ellipsoidal, and Latitude-Longitude coordi 
nates as outputs and delay, TOA, AOA of the wireless channel 
as inputs. The type of the mapping can also be modified. Any 
ofa Variety of types of neural networks can be used, including 
but not limited to Multi Layer Perceptron (MLP) and Radial 
Basis Function (RBF). For each network type, the network 
learns to adjust the weights and biases internally such that the 
error between the estimated target data and real target data is 
minimized. The error function is defined as follows: 

1 
y = iXé. 3, map) - (xi, yi, map) 

Each network type has its own characteristic when imple 
mented in real-time scenarios. Some network types employ a 
continuous function which enables them to perform better 
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when generalization of the training data to unknown data is 
needed. Some networks have Superior performance when 
they train with a set of data and are supposed to work with the 
same set. Such network types are much easier to design and 
train. 

The neural network 902 is then trained by feeding the input 
to the first layer and letting the network adjust its weights and 
biases internally to correctly estimate the location of the 
mobile station. The goal of the training phase, which occurs in 
the offline phase, is to build a general model for mapping of 
the inputs in the training data to the output data. The assump 
tion is that there exists a non-linear mapping of all the pos 
sible inputs to their respective outputs. The goal of the train 
ing phase is to provide a good estimate of Such non-linear 
mapping in a linear or non-linear function which can be 
generalized to all the possible input fingerprints even if they 
were not present in the training data. 

In the training phase, the system has to consider the fact 
that the fitting cannot be extended for unlimited time. In other 
words, the network can not be trained infinitely so that it fully 
matches the training set. This generally results in overfitting 
the mapping function and underperforming of the system 
when generalized to unknown fingerprints. 

Another important factor in determining the performance 
of a neural network is the sum of the network biases and 
weights, or Sum of the square of the weights and biases: 

In general, neural networks with Small weights and biases are 
preferred. 
The size of the neural network is also an important param 

eter in determining the performance of a neural network. 
Larger networks generally have more minimum locations 
when producing an error Surface. Since the goal of the neural 
network is to find the global minimum of this surface, a large 
number of minimums implies a lower likelihood of finding 
the correct minimum, the global minimum. 

Considering the above, the system administrator should 
decide on the type of neural network; the size of the neural 
network, which includes the number of layers, number of 
neurons in each layer, and output function of each layer, and 
performance observation of the neural network. The above 
parameters can be adjusted for each neural network to 
observe its performance when the same training data is used 
as input and, more importantly, when new fingerprint data is 
added to the database. 
The performance of the system can be monitored by 

observing the sum of the squared error, Sum of the squared 
weights and biases, and a combination of both: 

When combined, the neural network performs smoother 
and is less likely to overfit. This considerably helps the neural 
network to perform when new data is presented to the neural 
network. 

Forbetter performance, the inputs and outputs of the neural 
network can be normalized to corresponding values in the 
interval of -1 +1. In such cases, the outputs of the neural 
network should be denormalized to display the correct coor 
dinates. 

While preferable embodiments of the present invention 
have been shown and described herein, it will be obvious to 
those skilled in the art that such embodiments are provided by 
way of example only. Numerous variations, changes, and 
substitutions will now occur to those skilled in the art without 
departing from the invention. It should be understood that 
various alternatives to the embodiments of the invention 
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described herein may be employed in practicing the inven 
tion. It is intended that the following claims define the scope 
of the invention and that methods and structures within the 
Scope of these claims and their equivalents be covered 
thereby. 

The invention claimed is: 
1. A method for determining a user's location within an 

indoor environment comprising: 
receiving a location request including data related to a set 

of radio frequency (RF) signals; 
selecting a map from a plurality of maps based on the 

received data; and 
processing the received data to identify the location of the 

user on the map. 
wherein at least one of the map selection and the location 

identification comprises processing the received data 
based on yield information associated with at least a 
subset of the set of received signals identified in the 
requests. 

2. The method of claim 1, wherein the yield comprises for 
a given signal a measure of how often the signal is detected 
over a period of time. 

3. The method of claim 1, wherein the yield comprises for 
a given signal a measure of how many times the signal is 
detected over a number of observations. 

4. The method of claim 1, wherein selecting a map further 
comprises: 

filtering the received data to obtain a subset of the data with 
preferred signal characteristics; and 

comparing the filtered received data to the sets of signal 
sources associated with the maps. 

5. The method of claim 1, wherein filtering the received 
data and map data sets is based on the average signal strength 
of the received signals. 

6. The method of claim 1, wherein comparing the filtered 
received data to the filtered map data further comprises cal 
culating a score for each map based on the number offiltered 
detected wireless signals that are in the filtered set of wireless 
signals of the map. 

7. The method of claim 1, wherein selecting a map further 
comprises use of the mobile device's approximate location to 
narrow a set of maps for potential selection to those in the 
mobile device's region. 

8. The method of claim 1, wherein processing the received 
data to identify the location on the map further comprises the 
steps of: 

filtering the received data; 
comparing the received data to a map data set including 

data for a plurality of RF signals at a plurality of loca 
tions within the selected map; 

determining a variable number of most probable map 
points at which the user may be located; and 

finding the location through interpolation of the most prob 
able map points. 

9. The method of claim 8, wherein comparing the received 
data to a map data set further comprises the calculation of at 
least one cost function for each location within the map. 

10. The method of claim 9, wherein the cost functions 
produced are used to determine a set of most probable map 
points. 

11. The method of claim 8, wherein the most probable map 
points are assigned weights which are used in the interpola 
tion. 

12. The method of claim 1, wherein processing the 
received data to identify the location on the map comprises 
processing the received data by a neural network. 
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13. A non-transitory computer readable medium storing 
computer executable instructions, which, when executed by a 
processor, cause the processor to carry out a method for 
determining a user's location within an indoor environment 
comprising: 

receiving a location request including data related to a set 
of radio frequency (RF) signals; 

Selecting a map from a plurality of maps based on the 
received data; and 

processing the received data to identify the location of the 
user on the map. 

wherein at least one of the map selection and the location 
identification comprises processing the received data 
based on yield information associated with at least a 
subset of the set of received signals identified in the 
requests. 

14. The non-transitory computer readable medium of claim 
13, wherein the yield comprises for a given signal a measure 
of how often the signal is detected over a period of time. 

15. The non-transitory computer readable medium of claim 
13, wherein the yield comprises for a given signal a measure 
of how many times the signal is detected over number of 
observations. 

16. The non-transitory computer readable medium of claim 
13, wherein selecting a map further comprises: 

filtering the received data to obtain a subset of the data with 
preferred signal characteristics; and 

comparing the filtered received data to the sets of signal 
Sources associated with the maps. 

17. The non-transitory computer readable medium of claim 
13, wherein filtering the received data and map data sets is 
based on the average signal strength of the received signals. 

18. The non-transitory computer readable medium of claim 
13, wherein comparing the filtered received data to the filtered 
map data further comprises calculating a score for each map 
based on the number of filtered detected wireless signals that 
are in the filtered set of wireless signals of the map. 

19. The non-transitory computer readable medium of claim 
13, wherein selecting a map further comprises use of the 
mobile device's approximate location to narrow a set of maps 
for potential selection to those in the mobile device's region. 

20. The non-transitory computer readable medium of claim 
13, wherein processing the received data to identify the loca 
tion on the map further comprises the steps of 

filtering the received data; 
comparing the received data to a map data set including 

data for a plurality of RF signals at a plurality of loca 
tions within the selected map; 

determining a variable number of most probable map 
points at which the user may be located; and 

finding the location through interpolation of the most prob 
able map points. 
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21. The non-transitory computer readable medium of claim 

20, wherein comparing the received data to a map data set 
further comprises the calculation of at least one cost function 
for each location within the map. 

22. The non-transitory computer readable medium of claim 
21, wherein the cost functions produced are used to determine 
a set of most probable map points. 

23. The non-transitory computer readable medium of claim 
20, wherein the most probable map points are assigned 
weights which are used in the interpolation. 

24. The non-transitory computer readable medium of claim 
13, wherein processing the received data to identify the loca 
tion on the map comprises processing the received data by a 
neural network. 

25. A system for determining a user's location within an 
indoor environment comprising: 

a database for storing a plurality of maps in which each 
map contains a plurality of map points with RF finger 
print data; and 

a processor configured for: 
receiving a location request including data related to a 

set of radio frequency (RF) signals; 
Selecting a map from a plurality of maps based on the 

received data; and 
processing the received data to identify the location of 

the user on the map. 
wherein at least one of the map selection and the location 

identification comprises processing the received data 
based on yield information associated with at least a 
subset of the set of received signals identified in the 
requests. 

26. The system of claim 25, further comprising at least of 
one receiver or transceiver configured to receive the set of 
radio frequency signals. 

27. The system of claim 26, wherein the at least one 
receiver or transceiver are collocated with the processor and 
the database within a mobile device. 

28. The system of claim 27, further comprising a memory 
for storing a graphical user interface for presenting the loca 
tion to the user. 

29. The system of claim 26, wherein the at least one 
receiver or transceiver is physically separated from the pro 
cessor and the database, the system comprising a second 
processor co-located with the at least one receiver or trans 
ceiver for initiating a transmission of the location request to 
the processor via a wireless communication link. 

30. The system of claim 28, wherein the graphical user 
interface is configured to accept a corrected location from the 
USC. 


